Abstract-Dynamics of attitude motion of an axisymmetric satellite moving in a circular orbit under the action of gravitational and aerodynamic torques is investigated. All equilibrium positions of the satellite in the orbital coordinate system are determined numerically, and sufficient conditions of stability of the equilibrium positions are derived.
EQUATIONS OF MOTION
Let us consider the attitude motion of a satellite (solid body) in a circular orbit under the action of gravitational and aerodynamic torques. We introduce two right handed rectangular coordinate systems.
OXYZ is the orbital coordinate system. Its axis OZ is directed along the radius vector connecting the centers of mass of the Earth and satellite. The OX axis is directed along the linear velocity vector of the satel lite's center of mass O.
Oxyz is the satellite fixed coordinate system; Ox, Oy, and Oz being the principal central axes of inertia of the satellite.
Let us determine orientation of satellite fixed coordinate system Oxyz with respect to the orbital coordinate system by angles of pitch (α), yaw (β), and roll (γ). Then, the direction cosines of axes Ox, Oy, and Oz in the orbital coordinate system are specified by the expressions [1] (1) 
sin sin cos , cos( , ) cos cos sin sin sin , a zZ
while the equations of motion of the satellite relative to its center of mass are written in the following form
In equations (2) and (3) A, B, and C are the principal central moments of iner tia of the satellite; p, q, and r are projections of its abso lute angular velocity onto axes Ox, Oy, and Oz; ω 0 is the angular velocity with which the satellite's center of mass moves along a circular orbit; Q is the drag force acting upon the satellite; and a, b, and c are coordi nates of the satellite pressure center in coordinate sys tem Oxyz. Dots represent differentiation with respect to time.
Equations (2) were derived under the following assumptions:
1) action of the atmosphere on a satellite is reduced to a drag force applied at the pressure center and directed against the velocity of the satellite's center of mass with respect to air;
2) effect of the atmosphere on the translational motion of the satellite is negligibly small; and 2 0 3 23 3 2 0 2 13 3 12 2 0 3 33 1 2 0 3 11 1 13 2 0 3 13 2 2 0 1 12 2 11 
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3) entrainment of the atmosphere by the rotating Earth is neglected.
Assumption 1) is holds true with sufficient accu racy for the satellite's shape close to a sphere.
For system (2)-(3) the following generalized energy integral is valid (4)
EQUILIBRIUM POSITIONS
OF THE SATELLITE Setting in (2) and (3) α = α 0 , β = β 0 , and γ = γ 0 , where α 0 , β 0 , and γ 0 are constant quantities, we get at A ≠ B ≠ C the following equations (5) which allow one, upon substitution of expressions (1) for direction cosines, to determine unknown quanti ties α 0 , β 0 , and γ 0 . In our subsequent study it is more convenient to use the equivalent system (6) which is obtained by projecting equations (5) onto the axes of orbital coordinate system. System (6) together with conditions of orthogonality for direction cosines
forms an algebraic system of nine equations for deter mination of all direction cosines that determine the satellite equilibrium positions in the orbital coordinate system.
System of equations (6)- (7) is solved for several special cases. In [2, 3] all equilibrium positions of a satellite were determined for a case when the center of pressure of aerodynamic forces was located on one of the satellite's principal central axes of inertia (h 1 ≠ 0, h 2 = h 3 = 0). For each equilibrium orientation both sufficient and necessary conditions of stability were obtained. Evolution of the stability regions was inves tigated as a function of two dimensionless parameters of the problem. A more complicated case, when the center of pressure of aerodynamic forces lies in one of principal central planes of inertia of the satellite (h 1 ≠ const. 
. Here too, all equi librium positions of a satellite are determined depend ing on three dimensionless parameters of the problem, and sufficient conditions of stability of the equilibrium positions are derived.
It is impossible to solve analytically the problem of determining equilibrium positions of a satellite in the general case (h 1 ≠ 0, h 2 ≠ 0, and h 3 ≠ 0). In [3], using ideas of paper [5] , it has been shown that system of equations (6)- (7) can be reduced to a single algebraic equation of order 12 with real coefficients that depend on four dimensionless parameters of the problem in a rather complicated manner. Two equilibrium positions of the satellite correspond to every real root of the algebraic equation. Since the number of real roots of the algebraic equation does not exceed 12, it follows from above considerations that a satellite in a circular orbit moving under the action of gravitational and aerodynamic torques can have no more than 24 equi librium positions.
We plan here to give main attention to a particular case (not considered before) of studying equilibrium positions of an axisymmetic satellite subject to the action of gravitational and aerodynamic torques. Let A ≠ B = C, and h 1 ≠ 0, h 2 ≠ 0, h 3 ≠ 0. Then system (6), simplifying, takes on the form
We have the following two cases from system of equa tions (8) and orthogonality conditions (7).
Case 1. (9)
Case 2.
(10)
Let us first consider system (9). From the third and fifth equations of system (9) 
